Although thyroid gland neoplasms are well-recognized entities in dogs, the diagnosis and classification of these tumors often is difficult. In contrast to human thyroid carcinomas, which are predominantly of the papillary or follicular types, a relatively high proportion of the canine tumors contain compact cellular areas and resemble, to save extent, medullary thyroid carcinomas. In order to assess the value of immunohistochemical techniques in the identification and classification of these neoplasms, 2 1 canine thyroid carcinomas were examined, for the presence of thyroglobulin and calcitonin using the peroxidase-antiperoxidase technique. Four major patterns of thyroglobulin immunoreactivity were present in the tumors, including diffuse cytoplasmic positive reaction, apical staining in the cells bordering the neoplastic follicular lumens, intracytoplasmic droplet staining, and staining of intrafollicular colloid. All follicular and mixed compact cellular/follicular tumors contained immunoreactive hormone, while only four of six compact cellular carcinomas were thyroglobulin-positive. The extent of thyroglobulin reactivity was consistently greater in tumors of the follicular and mixed patterns than in carcinomas of the purely compact cellular type. Two of four metastases, each of which retained the mixed pattern of the primary tumors, were thyroglobulin-positive. No medullary thyroid carcinomas were identified, but scattered calcitoninpositive cells in one mixed and in one compact cellular tumor were interpreted as entrapped nonneoplastic C cells. Immunohistochemical localization of thyroglobulin should facilitate the diagnosis of canine tumors of suspected thyroid follicular cell origin, particularly those arising in ectopic sites (Le., heart base) and those presenting as metastases.
Thyroglobulin is a high molecular weight glycoprotein which is synthesized by the follicular cells of the thyroid gland and stored within the luminal colloid. Immunohistochemical studies have shown that thyroglobulin immunoreactivity is preserved in formalinfixed parafin-embedded tissue sections of the human thyroid gland. Demonstration of this antigen has proven to be useful not only for the classification of primary thyroid neoplasms but also for the specific identification of metastatic neoplasms of presumed thy-Although thyroid gland neoplasms are well-recognized entities in lo* 15. 17-20 the diagnosis and classification of these lesions both in their primary and metastatic sites may be dificult. Thyroid carcinomas arising from ectopic tissue at the heart base can be particularly dificult to distinguish from aortic body neoplasms. The presence of calcitonin in two canine thyroid carcinomas which had predominantly compact cellular patterns of growth and which were reclassified as medullary thyroid carcinoma on this basis have been reported. These authors emphasized the importance of roid 7. 14. 16 both ultrastructural and immunohistochemical analyses in the classification of thyroid neoplasms." In the present study, we have done a retrospective immunohistochemical analysis for the localization of thyroglobulin and calcitonin in a series of 21 primary and metastatic carcinomas of the canine thyroid gland.
Materials and Methods
The material (table I) used for this study was obtained from the surgical and necropsy files of Angell Memorial Animal Hospital. The tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE) and with the argyrophil technique of Grimelius.* Normal dog tissues including thyroid, lung, liver, and prostate were processed in an identical fashion, as were examples of canine pulmonary adenocarcinoma, circumanal gland carcinoma, carotid body tumor, and thymic carcinoma. Thyroid tumors were classified on the basis of their appearance in histological sections into follicular, compact cellular, and mixed types. 15 Thyroglobulin was demonstrated by the peroxidase-antiperoxidase technique using both the thyroglobulin HistosetTM (Immulock Corporation, Carpinteria, CA) and, in selected cases, thyroglobulin antibody obtained from Dako Corporation (Westbury, N.Y.). The primary rabbit antibody from * The term mixed is used to describe tumors which contain a mixture of follicular and compact elements. ** Thyroglobulin immunoreactivity in these dogs was graded on a scale of 1 to 4+ with regard to the extent of positive reaction in two replicate sections as follows: I+ (0-2476); 2+ (25-49%); 3+ (50-74%); 4+ (75-100%).
both sources was generated against purified human thyroglobulin. When using the Immulok antibody, the procedure included with the HistosetTM was modified such that the primary antibody was diluted 1 : 1 prior to its application to the deparaffinized tissue sections which were incubated for 12 to 18 hours at 4°C with the primary antiserum. Moreover, diaminobenzidene tetrahydrochloride was used as the chromogen in place of the 3-amino 9-ethyl carbazole supplied with the HistosetTM. In these instances, the bridge and peroxidaseantiperoxidase reagents were replaced with goat anti-rabbit immunoglobulin ( 150 dilution, 30 minutes incubation) (Cappel Laboratories, Cochranville, PA) and rabbit peroxidaseantiperoxidase ( 150 dilution, 30 minutes incubation) (Cappel Laboratories) followed by the addition of 0.0% H202 and 0.05 M diaminobenzidine in 0.05 M Tris buffer, pH 7.2, for ten minutes. For tissues stained with the Dako antibody, the primary antiserum was incubated with the tissues at a dilution of 1:lOOO for 12 to 18 hours at 4°C. Sections subsequently were incubated with goat antirabbit immunoglobulin, rabbit peroxidase-antiperoxidase and a solution of diaminobenzidine as outlined above. Thyroglobulin immunoreactivity in
Results
Immunohistochemical studies of normal canine thyroid: Both sources of antibody yielded the same patterns of reactivity in normal and neoplastic thyroids. The normal canine gland had an intense, positive reaction for thyroglobulin within the colloid in various follicles. Frequently, only 20 to 30% of the follicular colloid stained for thyroglobulin or were positive in the apical portion of the cytoplasm. Occasionally, the epithelial cells of the smaller follicles showed moderate diffuse cytoplasmic staining. The remaining 70 to 80% of the gland was negative. Prior absorption of the primary antiserum with thyroglobulin extract and the use of normal rabbit serum or phosphate buffered saline in place of the primary antiserum eliminated staining.
There was no staining of C-cells with either the Immulok or Dako rabbit antisera to thyroglobulin . Moreover, there was no staining of other normal or neoplas--the tissue sections was graded on a scale of 1 to 4+ with regard ' tic canine tissues with either of these antisera. I~~~ to the extent of positive reaction in two replicate sections as 100%). Controls consisted of incubating the tissue sections with the Immulock and Dako antibodies which had been preabsorbed with a crude human thyroglobulin preparation (10 mg/ml), and of incubating the tissue sections with normal rabbit serum or phosphate buffered saline in place of the rabbit antithyroglobulin .
Calcitonin was localized by the peroxidase-antiperoxidase technique with a primary antibody to human calcitonin M as described previously.6 Controls for calcitonin staining were done by incubating sections with calcitonin absorbed rabbit anticalcitonin M ( 100 pg calcitonin/ml of antiserum as diluted for staining), normal rabbit serum, or phosphate buffered saline in place of rabbit anticalcitonin M. In studies designed to evaluate the presence of calcitonin and thyroglobulin in the same tissue sections, the double staining method of Sternberger and Joseph was employed using diaminobenzidine as the chromogen for calcitonin and aminoethylcarbazine as the chromogen for thyroglobulin .*'
The twenty-one dogs were of various types, including small and giant breeds, ranging from five to twelve years old. Eleven of the dogs were female, nine were males, and in one sex was not recorded. fOllOWS: 1+ (0-24%); 2+ (25-4996); 3+ (50-74%); 4+ (75-nohistochemical staining for calcitonin revealed numerous positive cells scattered throughout the gland. The calcitonin antiserum did not cross react with normal follicular cells, colloid or other canine tissues. Absorption of this antiserum with human calcitonin completely abolished the staining reaction of the Ccells.
Morphological and immunohistochemical characteristics of canine thyroid neoplasms: Twelve tumors were of the mixed follicular/compact cellular type" (table I). The composition of the follicular regions was heterogeneous with follicle size varying from minute to large (100-150 pm in diameter) and with variable amounts of luminal colloid present. The follicular regions blended imperceptibly with the compact cellular areas which were characterized by cells arranged in packets separated by fine fibrovascular stroma. A focus of Hiirthle-like cells was noted in one mixed follicular/ compact cellular tumor. Six compact cellular tumors. were examined, one of which resembled a carcinoid staining; colloid (arrow) is stained intensely. tumor with prominent palisading of cells at the periphery of the cell packets. Three follicular carcinomas were included. Psamomma bodies were prominent in one of these and in one compact cellular tumor. All neoplasms in this series were negative with the Grimelius silver nitrate technique.'
Immunoreactive thyroglobulin was present in all but two primary thyroid tumors in this series (table I) . Four major patterns of staining were present in the tumors, including the positive reaction of intraluminal colloid, apical staining of the cells bordering the neoplastic lumina, diffuse cytoplasmic staining, and intracytoplasmic droplet positive reaction ( figs. 1-4) . Positive reaction varied from dog to dog and is summarized in table I.
Carcinomas of the mixed follicular/compact cellular pattern generally manifested moderate-to-intense positive reaction in greater than 50% of the tissue (table I) . Follicular areas contained colloid which varied from intensely positive to negative and follicular epithelium ( fig. 7) . Examination of replicate 6 pm sections stained alternatively for calcitonin and thyroglobulin and evaluation of sections stained simultaneously for both hormones using different chromogens localized calcitonin and thyroglobulin-positive reaction to different cells. The distribution of the calcitonin-positive cells suggested that they might represent entrapped normal Ccells. The remaining tumors in this series did not contain immunoreactive calcitonin.
Discussion
In this study, the canine carcinomas of follicular or mixed follicular/compact cellular type were positive most consistently for thyroglobulin and showed a consistently higher percentage of positive reaction than pure compact cellular tumors (table I). In one study of the human thyroid carcinomas, 95% of the differentiated forms (i.e., mixed papillary-follicular, and papillary) of tumor showed thyroglobulin-positive reaction. 16 Additional studies will be required in the dog to determine if there is an association between increased plasma levels of thyroglobulin and immunoreactivity in sections of the thyroid carcinomas, as has been reported in man with papillary and follicular thyroid carcinomas. 22 The antibodies used for this investigation were directed against human thyroglobulin antigens, but the pattern of reactivity in the normal dog thyroid suggests that cross reactivity between human and canine thyroglobulin exists. There are structural similarities among the thyroglobulins derived from many species. Similarities in amino acid composition have been noted in species as varied as dog, pig, sheep, calf, rat, and man. Antibody cross reactivity by agar gel immunodiffusion has been noted between whale, hog, and human thyroglobulin.' These findings support our observation of cross reactivity between dog and human thyroglobulin by the peroxidase-antiperoxidase technique. In contrast to the described C-associated thyroglobulin , '-I3 neither the Immulock or Dako antibodies appeared to cross react with C-cells in the normal glands, nor was there thyroglobulin cross reactivity of the scattered calcitonin-positive cells found within two carcinomas.
The patterns of thyroglobulin immunoreactivity in the normal dog thyroid are similar to those in the normal human thyroid.' Of particular interest is the high proportion of unstained cells and colloid in both the canine and human glands. The explanation for the lack of immunoreactivity in the colloid in man has been suggested as being the result of a physicochemi-cally altered hormone. This also may reflect the relative inactivity of some thyroid follicles. There is a correlation between the pattern of reactivity and the ultrastructural morphology of the cell. Diffuse cytoplasmic staining is associated with hyperplasia of granular endoplasmic reticulum, while apical staining is seen with mitochondria-rich cells. Focal cytoplasmic staining is correlated with proliferation of smooth endoplasmic reticulum and only occasional accumulation of cisterns of rough endoplasmic reticulum. Both oncocytes and atrophic follicular cells, on the other hand, were devoid of thyroglobulin immunoreactivity. '
Immunohistochemical staining for thyroglobulin should prove useful in the diagnosis of tumors suspected to be of thyroidal follicular cell origin. Positive staining will aid significantly in the diagnosis of heart base tumors in dogs which may be either of ectopic thyroid origin or can arise from paraganglionic cells of the aortic body. Tumors of ectopic thyroidal origin account for 5 to 10% of the neoplasms of this region and must be differentiated from aortic body tumors." As is exemplified by one of the dogs in which a heart base tumor gave rise to a metastatic lesion in the right auricle, positive immunohistochemical staining for thyroglobulin confirms the thyroidal origin of the neoplastic cells (table I) . However, as is demonstrated in the evaluation of four dogs with metastatic disease (table  I) , the metastatic lesion may not always be positive despite the presence of thyroglobulin in the primary lesions. Therefore, positive immunoreactivity for thyroglobulin in any suspect tumor is evidence of thyroidal follicular cell origin while negative results cannot rule out the possibility of a primary thyroid tumor.
Antibody to human calcitonin M has been demonstrated to cross react with canine calcitonin." Our results confirm this finding by the pattern of reactivity in the normal canine thyroid. The significance of the calcitonin-positive cells in two dogs in this series is unknown. Staining of consecutive sections of thyroglobulin and calcitonin as well as single sections for both hormones suggests that these products are present in different cell types. The distribution of calcitoninpositive cells in these lesions suggests that they represent entrapped normal C-cells. The absence of calcitoninpositive cells in areas of metastatic disease also supports the concept that their presence in primary thyroid lesions represents an entrapment phenomenon. Another possible explanation for this phenomenon is that there may be cells which are capable of synthesizing and secreting both thyroglobulin and calcitonin. In this regard, studies have suggested that the C-cell complexes in the dog which are of ultimobranchial origin contain undifferentiated cells which are capable of developing into C-cells or thyroid follicular cells."-13 Additional studies will be required, however, to resolve this important question.
